Background: A crucial gap in the development of microbicides for HIV prevention is the absence of models predictive of safety. Previous studies have demonstrated an increased susceptibility to genital herpes in mice following repeated applications of nonoxynol-9 (N-9). This study was designed to explore the underlying mechanisms, focusing on the effects that N-9 has on genital tract epithelium and to apply this expanded model to evaluate the safety of microbicides that have been advanced to clinical trials. Methods: Mice were treated intravaginally with formulated 3.5% N-9, 1% tenofovir, 0.5% or 2% PRO 2000, hydroxyethylcellulose (HEC) placebo or no treatment and the effect on herpes simplex virus 2 (HSV-2) susceptibility, epithelial cell architecture, junctional proteins and inflammation were assessed. A major challenge in the development of microbicides that prevent HIV infection is the identification and validation of surrogate markers that are predictive of safety and efficacy. Meeting this challenge is crucial because large-scale clinical trials are difficult to design, pose risk to participants and require extensive resources. Recent microbicide clinical trial failures highlight the obstacles facing prevention initiatives and underscore the need to develop biomarkers predictive of safety prior to conducting large-scale clinical trials [1] [2] [3] [4] [5] .
A major challenge in the development of microbicides that prevent HIV infection is the identification and validation of surrogate markers that are predictive of safety and efficacy. Meeting this challenge is crucial because large-scale clinical trials are difficult to design, pose risk to participants and require extensive resources. Recent microbicide clinical trial failures highlight the obstacles facing prevention initiatives and underscore the need to develop biomarkers predictive of safety prior to conducting large-scale clinical trials [1] [2] [3] [4] [5] .
Preclinical assessment of safety has relied primarily on examining cytotoxicity in vitro and evaluating the histological response to microbicides in the rabbit vaginal irritation model [6] . Phase I clinical trials have focused primarily on colposcopy as a safety end point, although recent studies have also incorporated measurement of a limited array of inflammatory cytokines and changes in select vaginal flora [7] ; however, the clinical trial failures suggest that these approaches are inadequate.
An inexpensive animal model predictive of safety would provide a crucial resource in the preclinical development of candidate microbicides. We have previously reported that Advantage-S, which contains 3.5% nonoxynol-9 (N-9), triggered a significant inflammatory response in mice compared with hydroxyethylcellulose (HEC) placebo gel. Moreover, N-9-treated mice were significantly more susceptible to intravaginal challenge 
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with a low dose of herpes simplex virus 2 (HSV-2) administered 12 h after seven daily N-9 applications compared with mice who received HEC. Although an inflammatory response would be anticipated to increase HIV acquisition by recruiting and activating target cells [8] , it is unclear whether inflammation contributes to the increased susceptibility to HSV-2, particularly because inflammatory responses are important for controlling infection [9] ; therefore, this current study explored the additional mechanisms that might contribute to increased HSV-2 susceptibility.
The multilayered squamous epithelium in the lower genital tract provides the first line of defence against infection [10] [11] [12] [13] . Disruption of this barrier might increase susceptibility to HSV by increasing exposure of nectin-1, a major coreceptor for HSV entry that localizes to adheren junctions [14, 15] . Disruption would also increase the risk for HIV transmission by allowing virus to reach the submucosa, where target immune cells reside. An additional mechanism that could also contribute to enhanced risk for infection is down-regulation of antimicrobial peptides, such as defensins and secretory leukocyte protease inhibitor (SLPI), which have been shown to contribute to HIV and HSV inhibition [16] [17] [18] [19] [20] ; thus, we expanded the murine model to assess the effect that N-9 products have on the epithelial barrier and the expression of antimicrobial peptides. We then applied this model to test tenofovir and 0.5% and 2% PRO 2000, microbicides that have been advanced to Phase II/III clinical trials.
Tenofovir is a potent reverse transcriptase inhibitor, which has been formulated as a 1% gel and is currently being evaluated in several international clinical trials [21, 22] . PRO 2000, a naphthalene sulfonated polymer that inhibits HIV and HSV entry [23, 24] , was advanced to clinical trials as 0.5% and 2% formulations. In the recently completed Phase IIb trial (HPTN035), 0.5% PRO 2000 reduced the risk for HIV acquisition by 30% compared with HEC (P=0.10) [25] . Women used the gel for 12-30 months and no safety concerns were identified; however, in the ongoing Microbicide Development Program trial (MDP301), which was designed to compare 0.5% and 2% PRO 2000, the 2% arm was discontinued because the interim analysis indicated that it had little chance of showing efficacy. This prompted speculation that higher concentrations might trigger changes in the mucosal environment that counterbalanced the protective activity of the drug.
Methods

Microbicides
The tested gels were Encare (containing 3.5% N-9; Columbia Laboratories, Inc., Miami, FL, USA) or Advantage S (containing 3.5% N-9; Blairex Laboratories, Inc., Columbus, IN, USA), PRO 2000 (0.5% and 2%; Indevus Pharmaceuticals Inc., Lexington, MA, USA), 1% tenofovir and HEC placebo (International Partnership for Microbicides, Silver Spring, MD, USA).
Murine model
Female BALB/c mice (8-10 weeks old) were pretreated subcutaneously with 2 mg of medroxyprogesterone (Sicor Pharmaceuticals, Irvine, CA, USA) 5 days before gel application. To assess susceptibility to HSV-2, 40 µl of gel was delivered intravaginally daily for 7 days. At 12 h after the seventh application, groups of five mice were inoculated with HSV-2 strain G (HSV-2[G]) delivered in a volume of 15 µl/mouse equivalent to 10 3 , 10 4 and 10 5 plaque-forming units [PFU]/mouse. Mice were evaluated daily for evidence of erythema, oedema, genital ulcers, hair loss around the perineum and hind-limb paralysis and were euthanized if symptoms of severe ulceration, hair loss or hind-limb paralysis developed [26] . Controls included mice that received no gel.
Additional studies were conducted in the absence of viral challenge to further assess the mucosal response. Medroxyprogesterone-treated mice were treated daily for up to 14 days with each microbicide or were left untreated. Vaginal washes were collected for detection of cytokines and chemokines from groups of five mice by washing with normal saline (100 µl) at baseline and prior to microbicide application on days 3, 7, 14 and 21. In addition, five mice from each treatment group were sacrificed at each time point and genital tract tissue excised and processed for confocal microscopy, extraction of RNA for quantitative real-time PCR (RT-PCR) or evaluation of transcription factors in nuclear extracts.
Confocal microscopy
The vagina, cervix and uterine vault up to the uterine bifurcation were excised. The tissue was opened parallel to the vaginal axis to expose the apical surface and then quartered with the lower quadrants containing the vagina and cervix and the upper quadrants containing the uterus. The resulting sections were washed and processed immediately for confocal imaging. To determine if the apical epithelial surface was intact, the tissue was stained for 30 min with EZ-link sulfosuccinimidobiotin reagent (sulfo-NHS-biotin; 1:1,000 dilution; Pierce, Rockford, IL, USA), which reacts with primary amines on cell surface proteins. This reagent does not penetrate the cell membrane; therefore, only primary amines exposed on the surface will be biotinylated in intact cells. The tissue was fixed and permeabilized with 4% paraformaldehyde and 1% Triton-X, respectively. Non-specific antibody binding sites were blocked by overnight incubation at 4°C with phosphate-buffered saline (PBS) containing 10% goat serum and 1% bovine serum albumin. Bound EZ-link sulfo-NHS-biotin was detected by treatment with streptavidin conjugated to Alexa Fluor 647 (1:1,000) for 1 h at room temperature; tight junctions were detected with rabbit anti-zonula occludens protein 1 (ZO-1; 1:500) and Alexa Fluor 488-conjugated secondary antibody (1:1,000), and adheren junctions were detected with mouse anti-desmoglein-1 (1:500) and Alexa Fluor 555-conjugated secondary antibody (1:1,000). All antibodies were diluted in PBS with 1% bovine serum albumin and were obtained from Invitrogen (Carlsbad, CA, USA). Nuclei were detected by staining with 4′,6′-diamidino-2-phenylindole nucleic acid stain (DAPI; Molecular Probes, Inc., Eugene, OR, USA). The entire tissue was mounted to glass slides using ProLong Gold Antifade reagent (Invitrogen). Confocal images were obtained and analysed by an investigator who was blind to the treatment group on either a Zeiss LSM 510 meta confocal microscope fitted with a 100× objective or a Zeiss Live DuoScan confocal microscope fitted with a 100× objective (Carl Zeiss MicroImaging, Inc., Thornwood, NY, USA). Z-stack images were obtained starting from the first detected fluorescent signal and continued in 1 µm increments until no further fluorescence was detected in any channel. Image analysis, three-dimensional images and axial images were generated using Volocity Software (Perkin Elmer, San Jose, CA, USA). Pixel intensity on axial images was quantified with Image J Densitometric Software (National Institutes of Health, Bethesda, MD, USA).
To localize HSV particles, additional confocal microscopy studies were performed. Mice were infected with 5×10 5 PFU/mouse 12 h after the day 7 application of microbicide gel and then sacrificed 4 h later. The tissue was processed as described above and incubated with mouse anti-VP16 (HSV viral capsid protein; 1:500; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and Alexa Fluor-488 secondary antibody and with mouse anti-nectin-1 (1:100; gift from Claude Krummenacher, University of Pennsylvania, Philadelphia, PA, USA) and Alexa Fluor-555 secondary antibody. Nuclei were stained with DAPI.
Cytokine and chemokine analyses
Protease inhibitors (Complete Protease Inhibitor Cocktail; Roche Applied Science, Indianapolis, IN, USA) were added to each pooled vaginal wash sample before centrifugation at 210 g for 10 min at 4°C. The supernatants were stored at -80°C and assayed for cytokines and chemokines using the Fluorokine MultiAnalyte profiling system (R&D Systems, Minneapolis, MN, USA), measured with a Bioluminex 100 system (Bioluminex, Austin, TX, USA) and analysed with StarStation (version 2.0; Applied Cytometry Systems, Sheffield, UK).
Real-time PCR
Vaginal tissue was homogenized and total RNA was extracted using the Absolutely RNA Miniprep Kit (Stratagene, La Jolla, CA, USA). Reverse transcription was performed using 400 ng of RNA and the StrataScript cDNA Synthesis Kit (Applied Biosystems, Foster City, CA, USA). Quantitative RT-PCR was conducted in duplicate with 50 ng of complementary DNA and with 1 µl of 20× FAM-labelled probes in a 20 µl final reaction volume of 2× TaqMan ® PCR Master Mix (Applied Biosystems). Probes were purchased from Applied Biosystems. PCR cycling conditions on an ABI PRISM 7700 (Applied Biosystems) were: 1 cycle at 50°C for 2 min, 1 cycle at 95°C for 10 min, 45 cycles at 95°C for 15 s and 1 cycle at 60°C for 1 min. Relative expression levels were calculated using the comparative C t method (2 [-∆∆CT] ), where sample values were compared with RNA from HEC-treated mice and the C t values of both were normalized to β-actin RNA levels as an endogenous housekeeping gene.
Transcription factor assays
Nuclear extracts were prepared using Active Motif's Nuclear Extract Kit (Carlsbad, CA, USA). Nuclear protein was quantified by the Quick Start Bradford Protein Assay (Bio-Rad, Hercules, CA, USA) and nuclear extracts were stored at -80°C. These samples were analysed for nuclear factor (NF)-κB (p65) levels using Active Motif's TransAm ELISA-based assay kits.
Statistical analyses
GraphPad Prism (version 4; GraphPad Software, La Jolla, CA, USA) was used for statistical analyses. Cytokine, RT-PCR and transcription factor results were analysed by one-way analysis of variance with Tukey's post hoc test to compare groups. Kaplan-Meier survival curves were assessed by log-rank test. A P<0.05 value was considered to be significant.
Results
N-9, but not tenofovir or PRO 2000, increased the susceptibility to HSV-2 and promoted migration of viral particles across the epithelium Disruption of the multilayered squamous epithelium might increase the susceptibility to HSV by facilitating the migration of viral particles across the keratinized superficial epithelium and increasing access to nectin coreceptors. To test this notion, mice were treated intravaginally with each microbicide for 7 days and then 12 h after the final dose, the mice were challenged with .05. To assess whether changes in susceptibility were associated with disruption of the epithelial barrier, confocal images of extracted lower genital tract tissue were examined. Mice were infected with HSV-2(G) at 12 h after the seventh daily gel application and were then sacrificed 4 h after infection. Tissues were stained for viral capsids (green), nectin-1 (red) and nuclei (blue). (C) Three-dimensional reconstruction representative of images taken from at least four animals per treatment group. At least six independent randomly selected images were acquired per mouse and each grid mark represents 10 µm.
PFU/mouse, suggesting that some drug might persist in the genital tract 12 h after the final gel application to block HSV-2(G) infection. No differences in susceptibility were observed following infection with 10 5 PFU/ mouse. HEC, which provides a physical barrier against infection ( Figure 1B) , provided significant protection relative to untreated mice (which might reflect the rheological properties of the gel).
To address whether the increase in susceptibility was associated with alterations in the epithelial architecture, mice that had received seven daily doses of each gel were again challenged with HSV-2(G); 4 h after viral challenge, the animals were sacrificed for confocal microscopy. Representative images of the lower genital tract, in which nectin-1 was stained red, nuclei were stained blue and viral capsids were stained green, are shown in Figure 1C [27, 28] . Complete disruption of the architecture with viral capsids extending an average of 42 µm into the basal epithelial layers was observed following exposure to N-9. By contrast, viral capsids were difficult to detect and found primarily colocalized with nectin (yellow) in tissue extracted from untreated mice or from mice treated with other microbicides. Viral particles extended an average of 6 µm in untreated mice and 11-16 µm in tenofovir-and PRO 2000-treated mice.
Nectin appeared tightly packed towards the apical surface of the tissue in untreated mice as well as in mice that were treated with tenofovir or 0.5% PRO 2000. By contrast, nectin was more dispersed in HEC-treated mice and was detected within the deeper epithelial layers in mice treated with 2% PRO 2000 gel, suggesting some disruption in the integrity of the epithelial cell barrier; however, these changes were not associated with an increase in the detection of free viral capsids. The differences in response to the two doses of PRO 2000 might reflect not only the drug concentration, but also differences in formulation. The 2% PRO 2000 gel contains more carbomer gelling agent than the 0.5% gel (1.7% carbomer versus 1.35%) and is approximately 40% more viscous than the 0.5% gel (Al Profy, Indeus Pharmaceuticals, personal communication).
N-9, but not tenofovir, induced the loss of junctional proteins
Additional confocal studies were conducted in mice treated with microbicides in the absence of HSV-2(G) challenge (Figure 2 ). These images were obtained 12 h after the day 7 gel application to coincide with the time point at which HSV-2(G) challenges were performed. Thinning and disruption of the epithelium was observed with reduction in bound EZ-link sulfo-NHS-biotin (magenta) at the apical surface in the lower genital tract of mice treated with N-9 ( Figure 2A) . N-9 treatment also led to a loss in ZO-1 (green) and desmoglein (red). Pixel intensity results obtained for successive z-stack sections confirmed the loss in tissue, which was reflected by the decreased number of sections and the lower intensity density of pixels within the sections (Figure 2A ). The thickness of the lower tract was 92-158 µm in untreated mice compared with 35-70 µm in N-9-treated mice. Changes were less pronounced in the upper gentital tract and following three daily doses, indicating that the response reflected the cumulative effects of repeated exposure (data not shown). By contrast, tenofovir triggered little or no change in epithelial tissue thickness (similar number of sections) or loss of junctional proteins (pixel intensity; Figure 2A and 2C) .
Parallel studies were conducted in mice treated for 7 days with 0.5% and 2% PRO 2000 using a different microscope and stained for desmoglein (red), ZO-1 (green) and nuclei (blue); N-9 and untreated mice were included as positive-and negative-controls, respectively ( Figure 2B ). A loss in tissue and junctional proteins was again observed in response to N-9, reflected in a decrease in sections and pixel intensity ( Figure 2B ). By contrast, the tissue thickness was relatively preserved in mice treated with PRO 2000 (number of sections); however, the pixel intensity for both ZO-1 and desmoglein was reduced in mice treated with 2% PRO 2000 ( Figure 2C ).
The loss in junctional proteins could reflect protein degradation and/or down-regulation of gene expression. To evaluate this, RNA was extracted and evaluated for ZO-1, desmoglein, E-cadherin and nectin-1 expression by quantitative RT-PCR. None of the junctional proteins were down-regulated. By contrast, a trend towards up-regulation of desmoglein and nectin-1 was observed both on day 3 (data not shown) and day 7 ( Figure 2C ). The up-regulation might represent the cellular response to protein degradation.
Effect of microbicides on antimicrobial peptides
Genital tract epithelial and resident immune cells secrete antimicrobial peptides, including defensins and SLPI that inhibit HIV and HSV-2 in vitro and might contribute to host defence [19, [29] [30] [31] . To explore whether microbicides modify the expression of murine antimicrobial peptides, the RT-PCR studies were extended to include β-defensin (BD)1, BD2 and SLPI. Significant increases in BD1 were observed in response to 2% PRO 2000 on day 3 and to 0.5% PRO 2000 and 3.5% N-9 on day 7 ( Figure 3) . There was also a trend toward increased BD2 in response to PRO 2000 and N-9. These findings are consistent with inflammation as defensins are induced by proinflammatory stimuli, including tumour necrosis factor (TNF)-α and interferon (IFN)-γ [32] . Surprisingly, SLPI, which is anti-inflammatory, was also up-regulated in response to all of the microbicides, including HEC, although this was only significant after N-9 and HEC treatment on day 3 and 0.5% PRO 2000 treatment on day 7. These results are in contrast to those obtained in vitro, where we found that microbicides down-regulate SLPI expression in human epithelial cell cultures [33, 34] . The variance might reflect differences in species (human versus mouse), time points (h versus days) and the response of a single cell type in culture compared with the cumulative tissue response and interactions between cell types.
Tenofovir triggers little or no inflammatory response
Consistent with our prior studies, N-9 induced a significant increase in gene expression of multiple inflammatory cytokines and chemokines, including macrophage inflammatory protein (MIP)-2, monocyte chemotactic protein (MCP)-1, IFN inducible protein (IP)-10, C-X-C motif ligand (CXCL)11, interleukin (IL)-6, and IFN-γ on day 3 ( Figure 4A ), and IP-10, CXCL11 and IL-1α on day 7 ( Figure 4B ). By contrast, tenofovir triggered little inflammation and decreased the level of IL-1β on day 7. A trend towards increased expression of inflammatory cytokines and chemokines was also observed in response to PRO 2000, but this only reached statistical significance for MIP-2 on day 3 for 2% PRO 2000 and day 7 for 0.5% PRO 2000. No statistically significant differences in gene expression were observed between HEC-treated and untreated mice at any time point or in response to any of the drugs on days 14 or 21 (data not shown).
We also measured the secretion of cytokines and chemokines into genital tract secretions. We focused on tenofovir for these studies, as we have previously reported findings with PRO 2000 [35] . No increase in any of the mediators was observed in response to tenofovir ( Figure 4C, 4D, 4E and 4F) . Rather, lower concentrations of MCP-1, TNF-α and IL-1β were observed in mice treated with tenofovir or HEC compared with untreated mice and this persisted for IL-1β on day 7 and 14. By contrast, a significant increase in MIP-2, MCP-1/CCL2 and TNF-α was observed in vaginal washes obtained from mice treated with N-9, which is consistent with previous studies [35] . Additionally, HEC induced a significant increase in MIP-2 on day 7. Little or no IFN-γ or IL-6 was detected in any of the vaginal washes (data not shown). The inflammatory response is controlled, in part, by NF-κB, which also participates in transcriptional regulation of defensins [36, 37] . For example, the human BD2 gene (DEFB2) promoter region contains three potential NF-κB binding sequences and is up-regulated by NF-κB activation [38] . Tenofovir had little or no effect on NF-κB, which is consistent with the absence of any up-regulation of cytokines, chemokines or defensins in the tenofovir-treated mice. By contrast, NF-κB (p65) was significantly increased in tissue obtained from N-9-treated animals on days 3, 7 and 14 (P<0.001; Figure 5 ) [35] . This effect was diminished by day 21 (data not shown). NF-κB was also activated in response to HEC exposure, but only on day 7. We have previously reported that 2% PRO 2000 did not activate NF-κB [35] .
Discussion
The current studies suggest that the primary mechanism contributing to the increased susceptibility to HSV infection in the murine model is disruption of the epithelial barrier. Treatment of mice with seven daily doses of N-9 resulted in thinning of the genital tract epithelium, loss of apical membrane staining, disruption of intercellular junctions and degradation of junctional proteins. These structural changes were associated with increased migration of viral particles into deeper epithelial layers. We speculate that an intact epithelial barrier is also a crucial determinant of susceptibility to HIV and that the increase in HSV-2 susceptibility observed in this model in response to microbicides might provide a surrogate marker predictive of increased risk for HIV acquisition.
These studies were conducted with medroxyprogesterone-treated mice, which more closely resemble the progesterone dominant luteal phase of the menstrual cycle in humans. During diestrous, the murine cervical epithelium is thinner and is composed of several layers of cuboidal nucleated cells with cell junctions detected near the surface by electron microscopy [39] . Mice are more susceptible to genital herpes during diestrous, in part because the structural changes include increased expression and access to the HSV coreceptor, nectin-1 [14] . Moreover, the response to HSV is highly reproducible in medroxyprogesterone-treated mice compared with cycling mice [40] . Similarly, mice might also be more susceptible to microbicide-induced changes during diestrous, thereby providing a highly stringent and reproducible safety model. We found little variability in the response to N-9 in this model in multiple experiments involving approximately 100 mice and using different formulations. Studies are currently planned with cycling mice for comparison.
Whether this model will prove to be too stringent or not stringent enough will require correlating results with those obtained in ongoing clinical trials. The findings are consistent with a dual-chamber Transwell culture model that also examined the effect of microbicides on tight junctions and with clinical experiences [33] . N-9 increased the risk of HIV infection in women who used the study gel more than 3× a day compared with women in the placebo group in the Phase II/III clinical trial [41] . The mouse model would have predicted this outcome and demonstrated a cumulative response to repeated gel exposure with extensive changes observed following seven daily exposures compared with three daily exposures. Conversely, no increase in HSV-2 susceptibility and little or no change in the epithelial architecture was observed in response to 0.5% PRO 2000 or HEC. These findings are consistent with the HPTN035 study, in which women safely used 0.5% PRO 2000 or HEC gel for 12-30 months. Some changes in the epithelium were observed in response to 2% PRO 2000, but these were not sufficient to trigger an increase in HSV-2 susceptibility. If the results of the MDP301 trial demonstrate that 2% is less protective than 0.5% PRO 2000 gel, this would suggest that these modest changes might be relevant and that the murine model should be modified to achieve higher stringency. Increasing the frequency and/or duration of exposure to formulated microbicides prior to challenging with HSV-2 might unmask toxicities and demonstrate increased susceptibility.
These studies focused on the response to repeated gel application. Others have explored the effect of a single gel application of several microbicides [42] [43] [44] . For example, after exposure of female Swiss Webster mice to a single intravaginal application of Conceptrol (4% N-9), minimal epithelial disruption or inflammation of the vaginal mucosa was observed by histology. Regions of epithelial disruption were detected in the cervix 2-4 h post-application, but these completely resolved by 24 h, suggesting regeneration of the columnar epithelium [44] . By contrast, we observed greater changes at the more apical surfaces of the lower tract following repeated applications and the damage appeared to be cumulative, suggesting a loss in regenerative capacity over time. This could prove particularly problematic in the setting of inconsistent adherence to gel application. Modest epithelial cell damage might be tolerated when sufficient drug is present to inhibit infection; however, damage might promote infection with intermittent gel use or as the concentration in the genital tract wanes.
Although the results suggest that epithelial barrier disruption might be the primary mechanism underlying the increased susceptibility to HSV-2, inflammation might also contribute to overall toxicity and the increased risk for HIV infection. The importance of inflammation in facilitating HIV infection was highlighted in a recent macaque study. The initially infected founder cell population was small, but the virus (Simian immunodeficiency virus) overcame this by activating a signalling pathway that resulted in increased chemokine expression and the recruitment CCR5 + T-cell targets [45] . Notably, in these studies, N-9 triggered significant up-regulation of CXCL10 (IP-10) and CXCL11, which are ligands for the chemokine receptor CXCR3 expressed on CCR5 + T-cells, These chemokines have been implicated in the recruitment of HIV target cells and pathogenesis [46] . Limitations of this model are that the murine genital tract does not fully recapitulate the human tract and mice are not susceptible to HIV. Humanized bone marrow-liver-thymus (BLT) mice are fully susceptible to intravaginal HIV infection and provide the opportunity to test whether the increased HSV susceptibility predicts an increased risk for HIV infection [47] . Similar studies could also be performed with macaques; however, limited access and cost of BLT mice and macaques restrict the widespread use of these models for screening microbicide formulations. If continued testing of candidate microbicides demonstrates that increased HSV-2 susceptibility in this inexpensive and highly reproducible murine model is predictive of clinical outcomes, it should be incorporated into the safety algorithm for preclinical microbicide evaluation. The model predicts that tenofovir, which is currently in Phase II/III trials, will prove to be safe and will have no deleterious effects on epithelial integrity nor trigger any untoward inflammatory response. Figure 5. N-9, but not tenofovir, activates NF-κB Nuclear levels of nuclear factor (NF)-κB (p65) were determined by ELISA performed on nuclear extracts prepared from harvested genital tract tissue.
Results are shown as mean ±se values using tissue from at least five mice/ group from at least two replicate experiments. a P<0.05 relative to untreated control mice. HEC, hydroxyethylcellulose; N-9, nonoxynol-9; RLU, relative luciferase units.
International Partnership for Microbicides and NIH grants AI079763, AI065309, AI069551 and AI077549.
